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MOTOR - DRIVEN DISK BRAKE 
BACKGROUND OF THE INVENTION 

The present invention relates to a motor-driven disk 
brake for generating braking force by using a torque 
obtained from a rotary actuator. More particularly, the 
present invention relates to a motor-driven disk brake 
having a brake releasing function capable of automatically 
releasing the brake from a lock-up state caused by a 
failure of the rotary actuator. 

A conventional motor-driven disk brake has a caliper 
containing a piston, a rotary actuator and a motion 
converting mechanism for transmitting rotation of the 
rotary actuator to the piston after converting it into 
rectilinear motion. The piston is driven In response to 
rotation of the rotary actuator to press a brake pad ; 
against a disk rotor, thereby generating braking force in 
proportion to the torque of the rotary actuator . In this 
type of motor- driven disk brake , If the rotary actuator 
fails owing, for example, to disconnection of the power 
supply line during braking when braking thrust is being 
generated in the piston, the thrust remains in the piston 
because of the internal resistance of the rotary actuator 
and the internal resistance of a speed- reducing gear if it 
is provided to increase the rotational torque of the rotary 
actuator. Consequently, it becomes difficult to release 
the brake. 

Under these circumstances, some schemes have 
heretofore b en d vised to automatically release the brake 
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in th ev nt of a failure in the rotary actuator. For 
example, International Publication WO 00/60255 (hereinafter 
referred to as "patent document 1" discloses that the; rotor 
of a motor is provided with a spring to rotate the roto? in 
5 reverse by the return force of the spring. Published 
Japanese Translation of PCT International Publication 
-No, 2000-507333 (corresponding United States Patent 
No. 6,179,097; hereinafter referred to as 'patent document 
2*) discloses that an electric motor for returning the 

10 piston is incorporated in a part of a speed-reducing 
mechanism attached to the motor , and the motor, f or 
returning the piston is activated in the event of a failure 
in the main electric motor for advancing the piston. 
Published Japanese Translation of PCT International 

15 .Publication No. 2001-506348 (corresponding United States 
Patent No. 6,257,377; hereinafter referred to as* 'patent 
document 3" ) discloses that an electromagnetic clutch Is 
provided in a thrust load bearing part for bearing the nut 
of the motion converting mechanism, and in the event of a 

20 motor failure, the electromagnetic clutch is released to 
retract the nut. 

However, with the scheme disclosed in the patent 
document 1 , the amount of deflection of the spring 
increases with the rotation of the rotor. Therefore, the 

25 rotor has to be rotated against a large spring force for 
each braking operation. Because the amount of rotation of 
the rotor Increases in accordance with the degre of wear 
of the brake pad, the consumption of electric power for 

- 2 - 



RECEIVED T1MEN0V, 26, 2:58AM 



^ ■i' W l' MTTU A^M i ffrrp IIMUM WENDE ROTH, L I ND & P ; # 10/ 38 



rotating the rotor increases with ag . In addition, 
because the return force of the spring increases in 
proportion to the wear of the brake pad, a stable operation 
cannot be obtained. 

v, ; 5 .; The scheme disclosed in the patent document 2 

requires a motor for releasing the brake in addition to the 
main motor for advancing the piston. Therefore, not. only 
the caliper unavoidably Increases in size, but also the 
production cost increases. Moreover, there is also 

10 possibility that the brake releasing motor Itself may fail. 
Therefore, the brake lacks reliability . 

The scheme disclosed in the patent document 3 suffers 
from problems such as an Increase in power consumption due; 
to the supply of power to the electromagnetic clutch and an 

15 increase in cost due to the provision of the 
electromagnetic clutch. 

The present invention was made in view of the above- 
described problems with the prior art. 

An object of the present invention is to provide a 

20 highly reliable motor-driven disk brake made capable of 

being released mechanically in the event of a motoir failure 
without causing an Increase in power consumption and a 
large increase in production cost , 
SUMMARY OF THE INVENTION 

25 The present invention provides a motor-driven disk 

brake having a caliper containing a piston, a rotary 
actuator and a rotary- to -rectilinear motion converting 
m chanism for transmitting the rotatl n of the rotary 

- 3 - 



RECEIVED TIMENOV, 26. 2:58AM 



i"C | ^wrmi7 '« UM5M MHU MM KM WtNDE ROTH, L I ND & P; # n/ 38 

o 

i * 



actuator to the piston aft r converting It into a 
rectilinear motion. The piston is driven in response to 

rotation of the rotary actuator to press a brake pad .-?r 

* ■ *• 

against a disk rotor, thereby generating braking force. 
5 The motor-driven disk brake is provided with a pad wear 

compensating mechanism for advancing the piston relative to 
a rectilinear ly moving member in the rotary -to -rectilinear 
motion converting mechanism in accordance with wear of the 
'brake'- pad 4 . The pad wear compensating mechanism has? a ^ 

10 rot at able liraiter engaged with a rotating member in the 

rotary- to-rectilinear motion converting mechanism witii play 
in the direction of rotation. A resilient member is 
provided between the rotating member in the rotary- to - 
rectilinear motion converting mechanism and the limit er in 

15 the pad wear compensating mechanism. The resilient member 
generates a set load greater than a non- loaded- state 
rotational resistance of the rotating member and stores a 
torque in accordance with relative rotation between the 
rotating member and the limiter during braking. 

20 In the motor-driven disk brake arranged as stated 

above, if the brake has locked up owing to a failure of the 
rotary actuator during braking, the rotating member of the 
rotary- to-rectilinear motion converting mechanism is 
rotated in a direction reverse to the direction of, rotation 

25 during braking by the torque stored in the resilient member 
during braking. Consequently, the rotary- to-rectilinear 
motion converting mechanism returns to its initial position. 
Thus, the brake is automatically released. In this case. 
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the torque to be stored in the resilient member is produced 
only by the relative rotation of the rotating member in the ^ 
rotary-to-rectilinear motion converting mechanism and the 
- limit er in the pad wear compensating mechanism within the 
5 range of play. Therefore, the amount of deflection of the 

resilient member becomes constant after the relative 

■ < t 
rotation has ceased. Hence , there is no possibility that 

the consumption of electric power for rotating the rotary 

actuator will increase with age. There is also no 

10 possibility that the production cost will particularly 

increase, because the resilient member is merely provided 

between the rotating member and the limiter . 

If the resilient member is a coll spring wound 
concentrically with the rotating member or the limiter to 
15 store a torsional torque, the resilient member can be- 

accommodated compactly in the caliper. Therefore, it is ' 
possible to prevent an increase in size of the caliper. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical sectional view showing the 
20 ; general structure of a motor-driven disk brake according to 
one embodiment of the present invention. 

Fig- 2 is an enlarged sectional view of an essential 
part of the motor-driven disk brake shown in Fig. 1. 

Fig. 3 is a sectional view showing a joint structure 
25 of a rotating member in a ball- ramp mechanism and a limiter 
in a pad wear compensating mechanism that constitute the 
motor-driven disk brake according to the pr s nt invention. 

Fig. 4 is a schematic view showing the positional 
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relationship between the ball-ramp mechanism and a piston 
in the motor-driven disk brake according to the present 
invention during operation on the assumption that there is 
pad wear. 

5 Fig. 5 is a graph showing torque generated on each 

constituent element and braking force generated during the 
braking operation of the mo tor -driven disk brake according 
r- to the present invention in correspondence to the position 
of the rotating member in the ball-ramp mechanism. 
16 DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be 
described below in detail with reference to the 
accompanying drawings. 

Figs . 1 and 2 show a first embodiment of the motor- 
* 15 driven disk brake according to the present invention. In 
# these figures, a carrier 1 is secured to a non-rotating 
part (e.g. a knuckle) of a vehicle that is located at the 
inner side of a disk rotor D relative to the vehicle. A 
caliper 2 is supported by the carrier 1 so as to be 
20 f loatingly movable in the axial direction of the disk rotor 
D. A pair of brake pads 3 and 4 are disposed at both sides 
of the disk rotor D. The brake pads 3 and 4 are supported 
by the carrier 1 in such a manner as to be movable in the 
■ axial direction of the disk rotor D. The caliper 2 has an 
25 assembly type caliper body 8 including a claw member 5 
having a claw portion 5a at the distal end thereof. The 
h caliper body 8 further includes an annular base 6 connected 
to the proximal end of the claw member 5, and a motor 
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casing 7 secured to the base 6- The claw portion 5a of the 
claw member 5 is disposed in close proximity to the back of 
the outer brake pad 4, which is located at the outer side 
y of the disk rotor D relative to the vehicle. • 
5 The caliper 2 further has a piston 10 capable of 

abutting on the back of the inner brake pad 3, which is 
located at the inner side of the disk rotor D relative to 
the vehicle. Further, the caliper 2 has a motor (rotary 
actuator) 20 and a ball-ramp mechanism (rotary-to- 
10 rectilinear motion converting mechanism) 30 for 

transmitting rotation of the motor 20 to the piston 10 
* if ter converting it into a rectilinear motion. A speed- 
reducing mechanism 40 transmits the rotation of the motor 
20 to the ball-ramp mechanism 30 after reducing the speed 
15 ; s thereof . A pad wear compensating mechanism 50 changes the 
initial position of the piston 10 according to- the degree r 
of wear of the brake pads 3 and 4 to compensate for wear of 
the pads 3 and 4- In addition, the caliper 2 has a coil 
spring 54 and a coil spring (resilient member) 60 serving 
f : 20 is a brake releasing mechanism for releasing the- brake by 
automatically returning the ball-ramp mechanism 30 to its 
initial position in the event that the motor 20 falls 
during braking. 

The piston 10 comprises a large -diameter piston body 
25 11 and a small -diameter shaft member 12 that are connected 
together so as to form a unitary body. The piston body 11 
is disposed in cloee proximity to the Inner brake pad 3. 
Th shaft member 12 xtends to a considerable extent toward 
.i - 7 - 
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the motor casing 7. The shaft member 12 ±s provided with 

H 

an axial! bore 12a* A hollow support rod 14 extends from an 
end plate 13 secured to the motor casing 7. The distal end 
portion of the support rod 14 is inserted in the axial bore 
5 12a slidably but non-rotatably relative to the shaf t member 
12. In this embodiment, a thrust detecting sensor 15 is 
interposed between the piston body 11 and the shaft member ; 
• 12 to detect braking counterforce (braking thrust) applied j 
to the piston 10 from the brake pad 3. The thrust | 
10 detecting sensor 15 in this embodiment comprises a load 
cell. A detection signal obtained from the thrust 
detecting sensor 15 is delivered to an external controller 
(not shown) through a cable 16 extending through the hollow 
inside of the support rod 14. It should be noted that a 
15 rubber cover 17 is spread over between the piston body 11 

. . . K i 

V> and the claw member 5 of the caliper body 8 to Isolate the 
; interior of the caliper body 8 from the outside. 

The motor 20 has a stator 21 fitted and secured to 
the motor casing 7 and a hollow rotor 22 disposed in the 
20 stator 21. The rotor 22 is rotatably supported by the 

motor casing 7 and the base 6 through bearings 23 and 24. 
The motor 20 is operated to rotate the rotor 22 through a 
desired angle with a desired torque according to an 
-instruction from a controller (not shown). The rotation 
25 angle of the rotor 22 is detected with a rotation detector 
27 comprising a resolver rotor 25 secured to the rotor 22 
and a resolv r stator 26 secured to the end plate 13 of the 
motor casing 7. It should be not d that the motor casing 7 
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Is equlpp d with a connector 28 for routing signal lines 
connecting the stator 21 of the motor 20 and the rotation ^ 
detector 27 to the controller. In this embodiment, the 
rotary actuator comprises the motor 20 having the stator 21 
5 and the rotor 22 as stated above. However, the present 
inventidn is not necessarily limited to the above. Mt:is 
also possible to use other electrically- driven rotary 
actuators, e.g. an ultrasonic motor. , 

The ball-ramp mechanism 30 has a hollow f irst disk 
10 (rotating member) 32 rotatably supported by the inner 
peripheral portion of the base 6 of the caliper body 8 
through a bearing 31. A hollow second disk (rectilinear ly 
^ moving member ) 34 is engaged with the shaft member 12 of 
the piston 10 through a threaded portion 33. Balls 36 are 
15 disposed between the two disks 32 and 34 by using a 

retainer 35. The mutually opposing surfaces of the* first 
disk 32 and the second disk 34 are formed with three pairs 
of arcuate ball grooves 32a and 34a extending along the 
circumferential direction. The balls 36 are Interposed 
20 between the three pairs of ball grooves 3 2 ay and 34a . The 

■ •' • » ■ 

j ■ 

; portion (threaded portion 33) of the second disk 34 that is 
engaged with the shaft member 12 of the piston 10 is 
provided with an extended cylindrical portion 37 extending 
to a considerable extent toward the end plate 13 of \ the 
25 motor casing 7. A bevel disk springs 38 are disposed in 

the cylindrical portion 37- The bevel disk springs 38 are 
retained at one end th reof by th support rod 14 to 
sJ normally urge the second disk 34 toward the first disk 32 
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through the cylindrical portion 37. On the other hand, the 
second disk 34 is restrained from rotating by frictional " 
force of a wave washer 39 attached to the caliper body 8 
through a support plate 39a. Thus, if the first disk 32 
5 rotates relative to the second disk 34, the balls 36 rbll 
on the slant bottom surfaces of the ball grooves 32a and 

i 

34a, causing the second disk 34 to advance toward or 
retract from the disk rotor D. The piston 10 follows the 
movement of the second disk 34. 
10 The speed-* reducing mechanism 40 includes an eccentric 

gear 44 having first and second external gears 42 and 43. 
The eccentric gear 44 is rotatably fitted on an eccentric 
shaft 41 integral with the rotor 22. A first internal gear 

45 is f ixed to the caliper body 8 and meshed with the first 
15 external gear 42 of the eccentric gear 44. A second 

internal gear 46 is provided oh the back of the first disk 
32 and meshed with the second external gear 43 of the 
eccentric gear 44. The eccentric gear 44 rotates on its 
own axis while revolving in response to the rotation of the 

20 eccentric shaft 41 (rotor 22) by meshing with the f ixst 
internal gear 45 and the second internal gear 46. 
Consequently, the first disk 32 rotates with a 
predetermined rotation ratio (speed reduction ratio) with 
respect to the rotor 22 because the number of teeth of the 

25 first internal gear 45 and that of the second internal gear 

*. 

46 differ from each other. 

Let us assume that the number of teeth of the first 
external gear 42 is Zl; the number of teeth of the second 
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external gear 43 is Z2; the numb r of teeth of the first 
internal gear 45 is nl; and the number of teeth of the 
second internal gear 46 is n2. Then, the speed reduction 
ratio N is given by N^l- (hlxZ2/Zl/n2 ) Accordingly > if the 
5 rotor 22 of the motor 20 rotates through a certain rotation 
angle 8, the rotation angle of the first disk 32 is 8 V N. in 
this case, if the slant (lead) of the ball grooves 32a and 
34a of the ball-ramp mechanism 30 is denoted by L, the 
second disk 34 advances by S*(L/360)x(B^N) . It sho^dftoe 
10 noted that when the speed reduction ratio N is a value 
larger than 0, the first disk 32 rotates in the same 
direction as the rotor 22 , whereas when the speed reduction 
jcratib N is a value smaller than 0, the first disk 32 
rotates in a direction opposite to the direction of 
fl5;f^ rotation of the rotor 22. ■ . ; :< / r ' 

The pad wear compensating mechanism 50 includes a 
limiter 51 rotatably fitted on the extended cylindrical 
portion 37 of the second disk 34 in the ball-ramp mechanism 
30. The limiter 51 is operatively associated with the 
20 first disk 32. A spring holder 53 is fitted on the 

extended cylindrical portion 37 of the second disk 34 and 
fixed in position relative to the second disk 34 with pins 
52. A coil spring (resilient member) 54 is disposed around 
the spring holder 53. One end of the coil spring 54 is 
25 connected to the limiter 51* The other end of the coil i 
spring 54 is connected to the spring holder 53. 

As shown clearly In Fig. 3, the limiter 51 has a 
plurality (two in this embodiment) of circumf erentially 
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extending grooves 55 on one end portion thereof. Th[e 
grooves 55 are equally spaced in the circumferential 
^ ^ V direction of the llmiter 51. Each groove 55 is in 
engagement with an arcuate engagement projection 56 
> 5 projecting from the rear end of that first disk 32. Eaidh - 
groove 55 of the llmiter 51 has a circumferential length 
sufficiently greater than the width of the engagement 
projection 56 of the first disk 32.. Accordingly^ tlie 
llmiter 51 and the first disk 32 are rotatable relative to 
: 10 \ each other within a range in which each engagement 
•V*7' 'projection 56 is movable within the associated groove 55. 

In other words, the llmiter 51 is engaged with the first 
disk 32 with a predetermined play in the direction of 
rotation. The llmiter 51 and the spring holder 53 each 
^ 1$ have a detent portion (not shown) at one position in the 
'js'sV* rotational direction thereof. The respective detent 

portions of the llmiter 51 and the spring holder 53 come in 
engagement with each other in the rotational direction to 
limit the relative rotation in one direction of the llmiter 
,20 'i 51 and the spring holder 53. The coil spring 54 is 

interposed between the llmiter 51 and the spring holder 53 
with a predetermined offset so as to allow the detent 
portions to engage with each other. That is, the coil 
spring 54 applies a predetermined set load to the llmiter 
25 51 and the spring holder 53. The set load or pre-load has 
'•: been set greater than the total friotional force produced 

from the wave washer 39 and the bevel disk springs ! 38 
. ' (hereinafter referred to simply as "the frictlonal force of 
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the wave washer 39"), which restrains the second disk 34 
from rotating. Consequently, if there is wear on the brake ^ 
pad 3, the rotation of the rotor 22 is transmitted to the 
second disk 34 through the coll spring 54, causing the 
.5 piston 10 (not rotatable) to advance through; the threaded 
portion 33. Thus, the pad wear is compensated for. 

The "coil spring 60 serving as the brake releasing \ 
mechanism Is wound around the first disk 32 in the ball- j 
ramp mechanism 30 and also around the limlter 51 iri the pra^d 
lb wear compensating mechanism 50. The first disk 32 and the 
limlter 51 are operatively associated with each other by 
Engagement between the engagement projections 56 and the 
V grooves 55 . One end of the coil spring 60 is connected to 
the first disk 32. The other end of the coil spring 60 is 
: il3 i connected to' the limlter 51. The coil spring 60 has a 

smaller spring force than that of the coll spring 54 in the 
pad wear compensating mechanism 50. The coll spring 6 Q is; 
interposed between the first disk 32 and the limlter 51 so 
as to apply a set load greater than the non -loaded- state 
•20 rotational resistance of the first disk 32 in the ball-ramp 
mechanism 30. It should be noted that it is also possible 
to use a spiral spring, a bevel disk spring, or a resilient 
member, e.g. a rubber or resin member, besides a coil 
spring. In this embodiment, however, the use of a coil 
25 spring as the resilient member allows it to be accommodated 
compactly in the caliper 2 and hence makes It possible to 
prevent an increase in siz of the caliper 2. 

The following is a description of the operation of 
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the motor-driven disk brake arranged as stated above. The 
: following description will be made on the assumption that 
there ,1s wear on the brake pads 3 and 4, with reference to 
Fig. 4 as well as Figs. 1 to 3. 
; 5 When there Is wear on the brake pads 3 and 4, as 

shown in (A) of Fig. 4, a gap 6a corresponding to the pad 
wear is present between the inner brake pad 3 and the 
piston 10 In addition to a predetermined clearance (pad 
clearance) 60 . Further, In this Initial state, the llmlter 
10 51 maintains the initial position by the set load of the 
vh. ^coil spring 54. Therefore, as shown in (A) of Fig. 4, each 
engagement projection 56 of the first disk 32 Is positioned 
at one groove end in the associated groove 55 of the / 
llmlter 51 . 

15 If the rotor 22 of the motor 20 rotates from the 

above -described initial position clockwise as seen from the 
right-hand side of Figs. 1 and 2 (hereinafter, the 
- expression of "clockwise" and "counterclockwise - ' will be 
^ used on the assumption that the motor -driven disk brake is 
20 seen from the right-hand side of Figs. 1 and 2), the 

eccentric gear 44 constituting the speed-reducing mechanism 
40 rotates on its own axis while revolving. In response to 
this, the first disk (rotating member) 32 in the ball -ramp 
mechanism 30 rotates counterclockwise with the above- 
25 described predetermined rotation ratio (speed reduction 
ratio N) with respect to the rotor 22. At this time, 
because the rotation of th second disk 34 is .restrained by 
the wave washer 39, the balls 36 In the ball-ramp m chanism 

- 14 - 



RECEIVED TIMENOV. 26. 2:58AM 



WENDEROTH, L I ND & P; 



# 22/ 38 



30 roll between the ball grooves 32a and 34a. This causes 

i 

the second disk 34 to advance , and the advancing motion of 

the second disk 34 Is transmitted to the piston 10 through 

the threaded portion 33. When there is no pad wear, the 

5 rotation of the first disk 32 causes each engagement 

f * projection 56 to move in the associated grocivei 55 of the 
l ■ u 
: r A limiter 5 i from the one groove end until it abuts on the 

* i : » 

other groove end. Consequently , the pad clearance 60 is 
canceled, and the piston 10 abuts on the brake pad 3 to 
10 initiate braking. However, when there is pad wear, even if 
each engagement projection 56 of the first disk 32 has 
moved in the associated groove 55 of the limit er 51 until 
it abuts on the other groove end, i.e. even If each 
I engagement projection 56 has moved through a distance long 
v ?l5iH enough to cancel the pad clearance 50, the gap da 

corresponding to the pad wear still remains between the 
brake pad 3 and the piston 10 { (A) (B) of Pig. 4}. 

On the other hand, during the movement of the piston 
10 through a distance corresponding to the pad clearance 60, 
20 the spring holder 53 and the limiter 51 maintain the non- 
rotating state (do not rotate relative to each other) as in 
the case of the second disk 34 because the rotational 
resistance due to the frictional force of the wave washer 
39 acting on the second disk 34 and the spring force of the 
25 > coll spring 54 in the pad wear compensating mechanism 50 
are greater than the spring force of the coil spring 60 
; serving as the brake releasing mechanism. As a result, 
relative rotation occurs betw en the^ limiter 51 and the 
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first disk 32 driven to rotat by the rotor 22. 
Consequently, the coll spring 60 serving as the brake 
releasing mechanism is torslonally deformed. Thus, a 
' \ predetermined torque is stored in the coil spring 60> 
5 Thereafter, if the rotor 22 rotates further, each 

engagement projection 56 of the first disk 32 pushes the 
associated groove end of the limiter 51, causing the 
limiter 51 to rotate. At this time, because the set load 
V of the coll spring 54 in the pad wear compensating 
10 mechanism 50 is greater than the frlctional force of the 
L wave washer 39, the rotation of the limiter 51 is 
transmitted to the second disk 34 through the coil spring 
54 v the spring holder 53 and the pins 52. Consequently; 
the piston 10 advances in response to the rotation of the 
15 second disk 34 because it is prevented from rotating by the 
support rod 14 and engaged with the second disk 34 through 
th£ threaded portion 33. As a result, the gap 6a 
corresponding to the pad wear is canceled as. shown in (B) -+ 
(C) of Fig. 4. 

20 Thereafter, in response to the further rotation of 

the rotor 22 of the motor 20, the piston 10 pushes the 
inner brake pad 3 against one side of the disk rotor ^ 
Counterforce produced at this time causes the caliper 2 to 
move relative to the carrier 1 (rightward in Fig. 1). 
25 Consequently, the claw portion 5a of the claw member 5 
causes the outer brake pad 4 to be pressed against the 
; other side of the disk rotor D. Thus, braking is initiated. 
At this stage, each engagement projection 56 of the first 
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disk 32 causes the limlter 51 to rotate further {(C) — ■ (D) 

I 

of Fig. 4}. However, the frictional resistance of the 

threaded portion 33 for thread engagement between the 

piston 10 and the second disk 34 increases owing to the 

; 5 generation of braking force (braking thrust ). Whenjthe 
■ . ti 
: frictional resistance becomes greater than the set lodd of 

the coil spring 54 in the pad wear compensating mechanism 

50, the rotation of the second disk 34 is stopped, and? the 

rotation of the spring holder 53 connected to the second 

10' disk 34 by the pins 52 is also stopped. As a result, a >; 

difference in rotation occurs between the limiter 51 and 

the spring holder 53. The difference in rotation IS 

absorbed by torsional deformation of the coil spring 54. 

■ ^ it should be noted that as the braking operation is 

15 initiated, braking thrust is generated in the piston 10. 

: i: Therefore, the controller (not showh) controls the electric 

current to be supplied to the motor 20 on the basis of a 

signal from the thrust detecting sensor 15 so that desired 

braking force is obtained according to the amount of 

20 depression of the brake pedal (not shown). 

When the rotor 22 of the motor 20 rotates 

H counterclockwise from the above- described braking position. 

the first disk 32 in the ball -ramp mechanism 30 rotates 

clockwise, and the second disk 34 and the piston 10 retract 

25 together as one unit by the action of urging force of the 

j , . ■ .• 

bevel disk springs 38. Thus, the pressing force applied to 

m 

the disk rotor D is released. At this time, the limit r 51 
follows the rotation of the first disk 32 by the action of 
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returning force of the coil spring 54 to return to ap- 
position at which the piston 10 begins to generate braking 
thrust, i.e. braking initiation position {(D) ^ (C) of 
; Fig . 4 } .: Here , the operation of the motor 20" is controlled 
5 so that ;the motor 20 rotates by an extra amount 

corresponding to the pad clearance 60 from the position at 
which the brake pad 3 contacts the disk rotor D. 
Accordingly, the first disk 32 rotates further through a 
predetermined angle even after the pressing force has been 
10 released , to return to the position at which each 

engagement projection 56 abuts on the one end of the 
associated groove 55 of the liraiter 51. Thus, the 
predetermined pad clearance 60 is ensured {(C) (Ai' ) -of 
Fig. 4>. . . 

15 It should be noted that when there is no pad wear, 

the above -described step whereby the gap 6a corresponding 
to pad wear is canceled {(B) -> (C) of Fig. 4} is absent, 
, but the rest of the process is the same as that when there 
is pad wear. 

20 Fig. 5 is a graph showing torque generated on each 

4 constituent element during the above -described braking 
operation and generated braking force in correspondence to 
the position (rotation angle) of the first disk 32 in each 
state (A to D) shown in Fig. 4. In the graph: T60 
25 represents torque generated on the coll spring 60 serving 
v* as the brake releasing mechanism; T58 represents torque 
? generated on the coil spring 54 in the pad wear 
compensating mechanism 50; R32 r pr sents rotational 
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resistance of the first disk 32 in the ball-ramp mechanism 
30; R34 represents rotational resistance of the second! disk 
34 in the ball-ramp mechanism 30; and F represents 
generated braking force. 
5 As will be clear from the results shown in Fig. 5, 

torque T60 generated in the coil spring 60 rises during the 
step bf (A) (B) shown in Fig, 4, i.e. as the first disk 
{ 3i2 rotates within the range of play in the direction of 
rotation of the first disk 32 and the limiter 51 (I.e.- . 
;l&Sv engagement between the grooves 55 and the engagement 
projections 56). Thereafter, the torque T60 keeps a 
:U predetermined level despite further rotation of the first 
disk 32. In other words, the amount of deflection of the 
coil spring 60 is restricted within a predetermined range. 
15 If brake lock-up occurs owing to a failure of the 

• - motor 1 20, the second disk 34 and the piston 10 are 

retracted together as one unit by the urging force of the 
• bevel disk springs 38 and the counter- acting torque in the 
ball-ramp mechanism 30 due to counterforce from the brake 
20 pad 3, together with the return force of the coil spring 54, 
etc- Consequently, the piston 10 returns to the braking 
initiation position at which the piston 10 begins to 
generate braking thrust. In this state, the disk rotor V 
and the brake pad 3 are in contact with each other, but 
25 almost no braking force is generated. Thus, the brake can 
be regarded as being in an unlocked state. Thus, the 
spring 54 can constitute a part of a brake releasing 
* mechanism as will be stated later. 
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Further , in this embodiment, an amount of rotational 
torque corresponding to the amount of deflection of the 
a poll spring 60 during braking is stored. Therefore , the 
^ first disk 32 is rotated by this stored rotational torque, 

5 causing the second disk 34 and the piston 10 to movfe, 

-. 

thereby allowing the piston 10 to be separated completely 

.... • . ;. ^4*r.:f: \?> 

from the brake pad 3. Because the amount of deflection of 

the coll spring 60 during braking is restricted within a 

predetermined range as stated above, it is possible: to 

10 eliminate the problem that the consumption of electric 

( power for rotating the motor 20 increases with age in 

accordance with the degree of wear of the brake pads 3 and 

, { 4. 

In the foregoing embodiment, the coll spring 60 is 
15 used as the brake releasing mechanism, by way of example. 

The coil spring 60 is wound around the first disk 32 in the 
ball-ramp mechanism 30 and also around the limit er 51 in 
the pad wear compensating mechanism; 50. The first disk 32 
r and the limiter 51 are operative ly associated with each 
tid 5 other by engagement between the engagement projections, 56 
: and the grooves 55. One end of the coil spring 60 is 
connected to the first disk 32, and the other end of thej 
coil spring 60 is connected to the limiter 51. However, 
the present invention is not necessarily limited to the 
25 described arrangement. That is, the arrangement may be 

such that the coil spring 60 is not used, but instead the 
pad wear comp nsating mechanism 50 is adapted to serve also 
as a brak releasing mechanism. In this case, the f brake 
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releasing mechanism comprises the limiter 51, the pins 52, 
the spring holder 53 and the coil spring 54, Using the pad 
wear compensating mechanism also as the brake releasing 
mechanism allows a reduction in the number of componeint 
p^arts required . 

In a case where the pad wear compensating mechanism 

*£s arranged to serve also as the brake releasing mechanism; 

; the following operation will take place if at motor failure 
occurs during the above-described braking owing, for 
example, to disconnection of the motor coil- That ls^ the 
limiter 51 rotates clockwise by the action of the urging 
force of the coil spring 54 that has stored the difference 
in rotation between the limiter 51 and the spring holder 53, 
This causes the first disk 32 in the ball-- ramp mechanism 30 
to be forcedly rotated clockwise as well. Consequently, 
•tlxe second disk 34 and the piston 10 are retracted together 
as one unit by the urging force of the bevel disk springs 
38. Accordingly, the force pressing the brake pad 3 1 v 
against the disk rotor D is released. Thus, the brake is 
automatically released. That is, the first disk 32 rotates 
clockwise because the spring force of the coil spring 54 
for rotating the first disk 32 clockwise by torsional 
deformation thereof during the stage where braking tlirust 
is generated in the piston 10 has been set greater than the 
rotational resistance of the first disk 32. It should be 
noted that, at this time, the limiter 51 returns to the 
position {(C) in Fig. 4} at which braking thrust begins to 
occur in the piston 10. 
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As has been detailed above, the motor-driven disk 
brake * according to the present invention offers the 
u following advantages. If the brake. has locked 7 up^ owing to 
a failure of the rotary actuator, the brake is 
5 automatically released by using the torque stored in? thfe 
resilient member during braking. Therefore, it is 
unnecessary to separately provide a drive source: for; -l, . ^ 
releasing the brake and hence possible to achieve a size 
reduction and a cost reduction. In addition, reliability 
ilO u improves. Further, because the amount of deflection of the 
4 Resilient member for storing torque becomes const an t afjter 
i it hais risen to a certain extent, it is possible to 
? eliminate the problem that the consumption of electaric : 
power for rotating the rotary actuator increases with age. 
15 - if a coil spring is used as the resilierit member, ifhe 

resilient member can be accommodated compactly in the 
caliper. Accordingly, it is possible to prevent an 
increase in size of the caliper. 
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